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1
VEHICLE

TECHNICAL FIELD

The invention relates to a vehicle that is able to receive
electric power from an outside and supply electric power to
the outside.

BACKGROUND ART

Japanese Patent Application Publication No. 2011-
244682 (Patent Document 1) describes a technique for, in a
vehicle that is able to execute control for charging an
in-vehicle battery with electric power from an outside of the
vehicle (hereinafter, referred to as “external charging”) or
execute control for discharging electric power from the
in-vehicle battery to the outside of the vehicle (hereinafter,
referred to as “external discharging™), automatically carry-
ing out external charging or external discharging in accor-
dance with an operation mode of the vehicle and an elec-
tricity price. Specifically, in the case where the operation
mode of the vehicle is a first mode, the vehicle described in
Patent Document 1 automatically carries out external charg-
ing when the electricity price is lower than a charge refer-
ence price. On the other hand, in the case where the
operation mode of the vehicle is a second mode in which the
vehicle is not operated for a while, the vehicle described in
Patent Document 1 automatically carries out external charg-
ing when an actual electricity price is lower than a discharge
reference price, and automatically carries out external dis-
charging when the electricity price is higher than the dis-
charge reference price.

RELATED ART DOCUMENT
Patent Document

Patent Document 1: Japanese Patent Application Publi-
cation No. 2011-244682 (JP 2011-244682 A)

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

As described above, Patent Document 1 describes that
external charging or external discharging is automatically
carried out in accordance with the operation mode of the
vehicle and the electricity price.

However, Patent Document 1 describes nothing about
which one of external charging and external discharging is
given a higher priority in the case where the external
charging and the external discharging contend with each
other. Therefore, for example, if a user carries out operation
to require external discharging during external charging,
discharging is started irrespective of a vehicle state.

The invention is contemplated to solve the above-de-
scribed problem, and it is an object of the invention to make
it possible to change between an external power receiving
mode and an external power supply mode.

Means for Solving the Problem

A vehicle according to the invention is able to select one
of an external power receiving mode for carrying out
external power receiving for receiving electric power from
an outside and an external power supply mode for carrying
out external power supply for supplying electric power to
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2

the outside. The vehicle includes: a determination unit that
determines at least one of whether operation to require the
external power supply has been carried out by a user or
whether operation to require the external power receiving
has been carried out by the user; and a control unit that,
when operation to require the external power supply has
been carried out during the external power receiving mode
or when operation to require the external power receiving
has been carried out during the external power supply mode,
determines which one of the external power receiving mode
and the external power supply mode is given a higher
priority in accordance with a state of the vehicle.

Preferably, the vehicle further includes an informing
device that informs the user of a result determined by the
control unit.

Preferably, the vehicle further includes an electrical stor-
age device and a motor that is able to generate vehicle
driving force by using electric power of the electrical storage
device. The control unit gives a higher priority to the
external power supply mode when a state of charge of the
electrical storage device is higher than a predetermined
level, and gives a higher priority to the external power
receiving mode when the state of charge of the electrical
storage device is lower than the predetermined level.

Preferably, the vehicle further includes an engine that
generates power by using combustion energy of fuel, and a
generator that is able to generate electric power by using the
power of the engine. The control unit gives a higher priority
to the external power supply mode when a fuel remaining
level of the engine is higher than a predetermined level, and
gives a higher priority to the external power receiving mode
when the fuel remaining level of the engine is lower than the
predetermined level.

Preferably, the vehicle further includes an electrical stor-
age device and a converter that converts electric power of
the electrical storage device to electric power with which the
external power supply can be carried out. The control unit
gives a higher priority to the external power supply mode
when an outside air temperature is lower than a first tem-
perature or when a temperature of the converter is lower than
a second temperature, and gives a higher priority to the
external power receiving mode when the outside air tem-
perature is higher than the first temperature and the tem-
perature of the converter is higher than the second tempera-
ture.

Preferably, the control unit gives a higher priority to the
external power supply mode when a first distance from a
position of the vehicle to a destination is shorter than a
second distance that the vehicle can travel, and gives a
higher priority to the external power receiving mode when
the first distance is longer than the second distance.

Preferably, when operation to require the external power
supply has been carried out after it is determined to give a
higher priority to the external power receiving mode, the
control unit redetermines which one of the external power
receiving mode and the external power supply mode is given
a higher priority.

Preferably, when the control unit redetermines which one
of the external power receiving mode and the external power
supply mode is given a higher priority, the control unit
makes it easy to give a higher priority to the external power
supply mode as compared to before the control unit rede-
termines which one of the external power receiving mode
and the external power supply mode is given a higher

priority.
Effect of the Invention

According to the invention, it is possible to change
between the external power receiving mode and the external
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power supply mode at the time when user’s operation
(operation to require external power supply or operation to
require external power receiving) has been carried out.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an overall block diagram of a vehicle.

FIG. 2 is a functional block diagram of an ECU.

FIG. 3 is a flowchart that shows an example of a proce-
dure of the ECU.

MODES FOR CARRYING OUT THE
INVENTION

Hereinafter, an embodiment of the invention will be
described with reference to the accompanying drawings. In
the following description, like reference numerals denote the
same components. Names and functions of them are also the
same. Thus, the detailed description thereof will not be
repeated.

FIG. 1 is an overall block diagram of a vehicle 1 accord-
ing to the present embodiment. The vehicle 1 includes an
engine 2, a motor generator (MG) 3, a power control unit
(PCU) 4, a battery 5 and an electronic control unit (ECU) 40.

The vehicle 1 is a hybrid vehicle that is able to travel by
using power of at least one of the engine 2 or the MG 3. A
vehicle to which the invention is applicable is not necessar-
ily limited to a hybrid vehicle as long as the vehicle is able
to exchange electric power with an outside of the vehicle,
and may be, for example, an electric vehicle.

The engine 2 is an internal combustion engine that

generates power by using combustion energy of fuel.
The MG 3 is an alternating-current rotary electric machine.
The MG 3 generates vehicle driving force by using electric
power stored in the battery 5. The MG 3 is able to generate
electric power by using the power of the engine 2. In the
present embodiment, the power of the engine 2 is used as not
only power for generating electric power but also vehicle
driving force.

The battery 5 is a rechargeable direct-current electrical
storage device, and is, for example, formed by including
nickel-metal hydride, lithium ions, or the like.

The PCU 4 converts electric power between the battery 5
and the MG 3 on the basis of a control signal from the ECU
40. That is, the PCU 4 converts direct current, supplied from
the battery 5, to alternating current and then outputs the
alternating current to the MG 3, or converts alternating
current, generated by the MG 3, to direct current and then
outputs the direct current to the battery 5.

The vehicle 1 is able to carry out external charging
(external power receiving) for charging the battery 5 with
electric power from the outside of the vehicle (hereinafter,
referred to as “external electric power”) or carry out external
discharging (external power supply) for supplying the out-
side of the vehicle with electric power generated by the MG3
by using electric power stored in the battery 5 or power of
the engine 2 (hereinafter, also referred to as “internal electric
power”). The vehicle 1 includes a charger 6, a discharger 7,
a charge/discharge port 8, a communication unit 9 and
alternating-current receptacles 10, 11 as devices for carrying
out external charging and external discharging.

The charge/discharge port 8 is a power interface for
exchanging electric power with the outside of the vehicle.
The charge/discharge port 8 is formed so as to allow
connectors 50, 60, 70 to be connected from the outside of a
vehicle cabin.
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The connector 50 is a connector for carrying out external
charging with electric power from a system power supply
51. When a user connects the connector 50 to the charge/
discharge port 8, external charging is allowed to be carried
out with electric power from the system power supply 51
connected to the connector 50.

The connector 60 is a connector for carrying out external
charging with electric power from the system power supply
51 via a home energy management system (hereinafter,
referred to as “HEMS”) 63 or carrying out external dis-
charging to an electrical load 62. When the user connects the
connector 60 to the charge/discharge port 8, it is possible to
carry out external charging with electric power from the
system power supply 51 connected to the HEMS 63 or carry
out external discharging to the electrical load 62 connected
to the HEMS 63.

When the connector 60 is connected to the charge/dis-
charge port 8, the communication unit 9 carries out digital
communication (for example, in-band communication) with
the HEMS 63 on the basis of a control signal from the ECU
40.

The connector 70 is a connector for carrying out external
discharging through direct connection to the electrical load
71 outside the vehicle (without intervening the HEMS 63).
When the user connects the electrical load 71 to the con-
nector 70 and connects the connector 70 to the charge/
discharge port 8, it is possible to carry out external discharg-
ing to the electrical load 71.

The alternating-current receptacles 10, 11 are respectively
provided at mutually different positions inside the vehicle
cabin. For example, the alternating-current receptacle 10 is
provided near a center console, and the alternating-current
receptacle 11 is provided near a luggage space. When the
user connects a plug of the electrical load 80 to the alter-
nating-current receptacle 10 or the alternating-current recep-
tacle 11, it is possible to carry out external discharging to the
electrical load 80.

The charger 6 is provided between the charge/discharge
port 8 and the battery 5. The charger 6 converts external
electric power, input to the charge/discharge port 8, to
electric power with which the battery 5 is chargeable and
then outputs the converted electric power to the battery 5 on
the basis of a control signal from the ECU 40. Thus, external
charging is carried out.

The discharger (inverter) 7 is provided in parallel with the
charger 6 between the charge/discharge port 8 and the
battery 5. The discharger 7 converts internal electric power
to electric power that is usable outside the vehicle (for
example, alternating current 100 volts) and then outputs the
converted electric power to the charge/discharge port 8 on
the basis of a control signal from the ECU 40. Thus, external
discharging is carried out.

The battery 5 and the PCU 4 are connected to each other
via a system main relay 20. The battery 5 and the charger 6
are connected to each other via the system main relay 20 and
a charging relay 21. The battery 5 and the discharger 7 are
connected to each other via the system main relay 20 and a
fuse 23. The discharger 7 and the charge/discharge port 8 are
connected to each other via a discharging relay 22.

The vehicle 1 further includes switches 30, 31, 32, tem-
perature sensors 33, 34, a navigation system 35, a monitor-
ing sensor 36, a fuel sensor 37 and an informing device 38.

The switch 30 is a switch for the user to require external
discharging with the use of the alternating-current receptacle
10. When operation to require external discharging is input
by the user, the switch 30 outputs a signal R0 indicating that
effect to the ECU 40.
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The switch 31 is a switch for the user to require external
discharging with the use of the alternating-current receptacle
11. When operation to require external discharging is input
by the user, the switch 31 outputs a signal R1 indicating that
effect to the ECU 40.

The switch 32 is a switch for the user to require external
discharging with the use of the connector 70. When opera-
tion to require external discharging is input by the user, the
switch 32 outputs a signal R3 indicating that effect to the
ECU 40. The switch 32 may be provided not on the vehicle
1 but on the connector 70.

The temperature sensor 33 detects the temperature of the
discharger 7 (hereinafter, referred to as “discharger tempera-
ture Tinv”). The temperature sensor 34 detects the tempera-
ture of air outside the vehicle cabin (hereinafter, referred to
as “outside air temperature Tout”). The monitoring sensor 36
detects the state (a battery current Ib, a battery voltage Vb,
a battery temperature Tb) of the battery 5. The fuel sensor 37
detects the remaining level of fuel (hereinafter, referred to as
“fuel remaining level F”) that is consumed in the engine 2.
These sensors output detected results to the ECU 40.

The navigation system 35 acquires the current position of
the vehicle 1 by utilizing, for example, a global positioning
system (GPS). The navigation system 35 further sets a
required travel distance D1 of the vehicle 1 by consulting
information set by the user and map information stored in a
memory. For example, when a destination is set, the required
travel distance D1 is set to a travel distance from the current
position to the destination. When no destination is set but
user’s home is set, the required travel distance D1 is set to
a travel distance from the current position to the user’s
home. When neither a destination nor a home is set, the
required travel distance D1 is set to a predetermined dis-
tance.

The informing device 38 informs the user of various
pieces of information through video or voice on the basis of
a control signal from the ECU 40.

The ECU 40 incorporates an arithmetic operation unit
(not shown) and a memory (not shown), and executes
predetermined arithmetic processing on the basis of infor-
mation stored in the memory and information from the
sensors. The ECU 40 monitors or controls the state of each
device of the vehicle 1 on the basis of the result of arithmetic
processing.

The ECU 40 calculates the state of charge (hereinafter,
referred to as “SOC”) of the battery 5 on the basis of a
detected result of the monitoring sensor 36. The ECU 40
calculates a distance that the vehicle 1 is allowed to travel
(hereinafter, referred to as “available travel distance D2”) on
the basis of the SOC and the fuel remaining level F.

When external charging is carried out, the ECU 40 closes
the system main relay 20 and the charging relay 21, and
activates the charger 6. Thus, the battery 5 is charged with
external electric power (see the outlined arrows in FIG. 1).

When external discharging is carried out with the use of
the charge/discharge port 8, the ECU 40 closes the system
main relay 20 and the discharging relay 22, and activates the
discharger 7. When external discharging is carried out with
the use of the alternating-current receptacles 10, 11, the ECU
40 closes the system main relay 20, and activates the
discharger 7. Thus, internal electric power is supplied to the
outside of the vehicle (see the solid arrows in FIG. 1).

The ECU 40 sets a mode for controlling each device of the
vehicle 1 (hereinafter, referred to as “control mode”) to any
one of a mode for carrying out external charging (hereinaf-
ter, referred to as “charging mode”), a mode for carrying out
external discharging (hereinafter, referred to as “discharging
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mode”), and a mode for propelling the vehicle 1 (hereinafter,
referred to as “traveling mode”). During the traveling mode,
not only it is possible to drive the MG 3 with electric power
of the battery 5 but also it is possible to charge the battery
5 with electric power generated by the MG 3.

FIG. 2 is a functional block diagram of the ECU 40 in
setting the control mode. The ECU 40 includes a determi-
nation unit 41 and a control unit 42. The determination unit
41 and the control unit 42 may be implemented by hardware
or may be implemented by software.

The determination unit 41 determines whether the user
has carried out operation to require external charging, and
determines whether the user has carried out operation to
require external discharging.

When at least one of the following condition A or the
following condition B is satisfied, the determination unit 41
determines that the user has carried out operation to require
external charging.

(Condition A) The connector 50 is connected to the
charge/discharge port 8.

(Condition B) The connector 60 is connected to the
charge/discharge port 8, and an external charging command
has been received from the HEMS 63.

When at least any one of the following conditions C to F
is satisfied, the determination unit 41 determines that the
user has carried out operation to require external discharg-
ing.

(Condition C) The connector 60 is connected to the
charge/discharge port 8, and an external discharging com-
mand has been received from the HEMS 63.

(Condition D) The connector 70 is connected to the
charge/discharge port 8, and the signal R3 from the switch
32 has been received.

(Condition E) The signal R0 from the switch 30 has been
received.

(Condition F) The signal R1 from the switch 31 has been
received.

When none of the above-described conditions A to F is
satisfied, the determination unit 41 determines that the user
has not carried out operation to require external charging or
has not carried out operation to require external discharging.

The above-described conditions A to F are only one
example, and the configuration is not limited to these
conditions. Where necessary, the determination unit 41 may
determine at least one of whether there is operation to
require external charging or whether there is operation to
require external discharging.

The control unit 42 sets the control mode on the basis of
the result determined by the determination unit 41. When it
is determined that the user has carried out operation to
require external charging, the control unit 42 sets the control
mode to the charging mode. When it is determined that the
user has carried out operation to require external discharg-
ing, the control unit 42 sets the control mode to the dis-
charging mode. When it is determined that the user has not
carried out operation to require external charging or opera-
tion to require external discharging, the control unit 42 sets
the control mode to the traveling mode.

In addition, when the user has carried out operation to
require external discharging during the charging mode or
when the user has carried out operation to require external
charging during the discharging mode, the control unit 42
according to the present embodiment determines which one
of the charging mode and the discharging mode is given a
higher priority in accordance with the state (the SOC, the
fuel remaining level F, the outside air temperature Tout, the
discharger temperature Tinv, the required travel distance D1,
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and the like) of the vehicle 1 at the time when the user’s
operation has been carried out. The control unit 42 informs
the user of the determined result with the use of the
informing device 38.

Hereinafter, a method in which the control unit 42 deter-
mines which one of the charging mode and the discharging
mode is given a higher priority will be described.

The available travel distance D2 depends on the SOC and
the fuel remaining level F. Therefore, when the SOC is lower
than a predetermined level S1, it is desirable to reserve the
available travel distance D2 by a larger amount by giving a
higher priority to external charging than to external dis-
charging. Therefore, the control unit 42 gives a higher
priority to the charging mode when a condition that the SOC
is lower than the predetermined level S1 (hereinafter, also
referred to as “first condition™) is satisfied; otherwise, the
control unit 42 gives a higher priority to the discharging
mode.

When the fuel remaining level F is lower than a prede-
termined level F1 as well, it is desirable to reserve the
available travel distance D2 by a larger amount by giving a
higher priority to external charging than to external dis-
charging. Therefore, when a condition that the fuel remain-
ing level F is lower than the predetermined level F1 (here-
inafter, also referred to as “second condition™) is satisfied,
the control unit 42 gives a higher priority to the charging
mode; otherwise, the control unit 42 gives a higher priority
to the discharging mode. At this time, the control unit 42
controls the informing device 38 to inform the user that the
fuel remaining level F is low and there is a possibility that
the vehicle becomes not allowed to travel. After informing
the user, when the user has carried out operation to require
external discharging, the control unit 42 gives a higher
priority to the discharging mode in accordance with the
user’s request.

When the outside air temperature Tout is higher than a
predetermined temperature T1 and the discharger tempera-
ture Tinv is higher than a predetermined temperature T2,
there is a possibility that the discharger 7 is overheated and
is not able to normally carry out external discharging.
Therefore, when a condition that the outside air temperature
Tout is higher than the predetermined temperature T1 and
the discharger temperature Tinv is higher than the predeter-
mined temperature T2 (hereinafter, also referred to as “third
condition™) is satisfied, the control unit 42 gives a higher
priority to the charging mode; otherwise, the control unit 42
gives a higher priority to the discharging mode. When the
discharger temperature Tinv has decreased below the pre-
determined temperature T2 after the charging mode is given
a higher priority, the discharging mode may be given a
higher priority.

When the required travel distance D1 is longer than the
available travel distance D2, it is desirable to increase the
available travel distance D2 through external charging.
Therefore, when a condition that the required travel distance
D1 is longer than the available travel distance D2 (herein-
after, also referred to as “fourth condition™) is satisfied, the
control unit 42 gives a higher priority to the charging mode;
otherwise, the control unit 42 gives a higher priority to the
discharging mode. At this time, the control unit 42 controls
the informing device 38 to inform the user of the fact that
electric power and fuel that are required to move to the
destination or the home are insufficient. After informing the
user, when the user has carried out operation to require
external discharging, the control unit 42 gives a higher
priority to the discharging mode in accordance with the
user’s request.
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When the vehicle 1 is located in a building (for example,
when the vehicle 1 is parked in a garage in the home, in a
site of the home, or the like), there is a high possibility that
electric power of the system power supply in the building is
usable even without using internal electric power of the
vehicle 1. Therefore, when a condition that the vehicle 1 is
located in a building (hereinafter, also referred to as “fifth
condition™) is satisfied, the control unit 42 gives a higher
priority to the charging mode; otherwise, the control unit 42
gives a higher priority to the discharging mode.

When it is not possible to generate electric power with the
MG 3 by using the power of the engine 2 (hereinafter, also
referred to as “engine power generation™), it is desirable to
reserve the available travel distance D2 by a larger amount
through external charging. Therefore, when a condition that
it is not allowed to carry out engine power generation
(hereinafter, also referred to as “sixth condition™) is satisfied,
the control unit 42 gives a higher priority to the charging
mode; otherwise, the control unit 42 gives a higher priority
to the discharging mode.

As long as there is no technical contradiction, it is
possible to combine any two or more conditions among the
above-described first to sixth conditions as needed where
necessary.

FIG. 3 is a flowchart that shows an example of a proce-
dure of the ECU 40 (control unit 42) in the case where the
above-described first to sixth conditions are combined. FIG.
3 illustrates a process in the case where the user has carried
out operation to require external discharging during the
charging mode; however, a similar process is executed in the
other case (in the case where the user has carried out
operation to require external charging during the discharging
mode).

In step (hereinafter, step is abbreviated as “S”) 10, the
ECU 40 determines whether it is during the charging mode.
When it is during the charging mode (YES in S10), the ECU
40 proceeds with the process to S11. Otherwise (NO in S10),
the ECU 40 ends the process.

In S11, the ECU 40 determines whether operation to
require external discharging has been carried out. When
operation to require external discharging has been carried
out (YES in S11), the ECU 40 proceeds with the process to
S12. Otherwise (NO in S11), the ECU 40 ends the process.

In S12, the ECU 40 determines whether the required
travel distance D1 is longer than the available travel distance
D2. When the required travel distance D1 is longer than the
available travel distance D2 (YES in S12), the ECU 40
proceeds with the process to S13. Otherwise (NO in S12),
the ECU 40 proceeds with the process to S20.

In S13, the ECU 40 gives a higher priority to the charging
mode, and sets the control mode to the charging mode. At
this time, the ECU 40 uses the informing device 38 to inform
the user of the fact that the charging mode is given a higher
priority. In addition, the ECU 40 uses the informing device
38 to inform the user of the fact that electric power and fuel
that are required to move to the destination or the home are
insufficient, and makes the user to determine whether exter-
nal discharging is still required.

After that, the ECU 40 determines in S14 whether opera-
tion to require external discharging has been carried out
again. When operation to require external discharging has
been carried out again (YES in S14), the ECU 40 proceeds
with the process to S20 in order to redetermine which one of
the charging mode and the discharging mode is given a
higher priority. At this time, the reason why the process is
caused not to return to S12 but to proceed to S20 is to make
it easy to give a higher priority to the discharging mode
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along with the user’s request. On the other hand, when
operation to require external discharging has not been car-
ried out again (NO in S14), the ECU 40 ends the process.

In S20, the ECU 40 determines whether the SOC is lower
than the predetermined level S1. When the SOC is lower
than the predetermined level S1 (YES in S20), the ECU 40
proceeds with the process to S21. Otherwise (NO in S20),
the ECU 40 proceeds with the process to S50.

In S21, the ECU 40 determines whether the fuel remain-
ing level F is lower than the predetermined level F1. When
the fuel remaining level F is lower than the predetermined
level F1 (YES in S21), the ECU 40 proceeds with the
process to S22. Otherwise (NO in S21), the ECU 40 pro-
ceeds with the process to S30.

In S22, the ECU 40 gives a higher priority to the charging
mode, and sets the control mode to the charging mode. At
this time, the ECU 40 uses the informing device 38 to inform
the user of the fact that the charging mode is given a higher
priority. In addition, the ECU 40 uses the informing device
38 to inform the user that the fuel remaining level F is low
and there is a possibility that the vehicle becomes not
allowed to travel, and makes the user to determine whether
external discharging is still required.

After that, the ECU 40 determines in S23 whether opera-
tion to require external discharging has been carried out.
When operation to require external discharging has been
carried out again (YES in S23), the ECU 40 proceeds with
the process to S30 in order to redetermine which one of the
charging mode and the discharging mode is given a higher
priority. At this time, the reason why the process is caused
not to return to S20 but to proceed to S30 is to make it easy
to give a higher priority to the discharging mode along with
the user’s request. On the other hand, when operation to
require external discharging has not been carried out again
(NO in S23), the ECU 40 ends the process.

In S30, the ECU 40 determines whether it is allowed to
carry out engine power generation. When it is allowed to
carry out engine power generation (YES in S30), the ECU
40 proceeds with the process to S40. When it is not allowed
to carry out engine power generation (NO in S30), the ECU
40 proceeds with the process to S31.

In S31, the ECU 40 gives a higher priority to the charging
mode, and sets the control mode to the charging mode. At
this time, the ECU 40 uses the informing device 38 to inform
the user of the fact that the charging mode is given a higher
priority.

In S40, the ECU 40 determines whether the vehicle 1 is
located in a building. When the vehicle 1 is located in a
building (YES in S40), the ECU 40 proceeds with the
process to S41. Otherwise (NO in S40), the ECU 40 pro-
ceeds with the process to S51.

In S41, the ECU 40 gives a higher priority to the charging
mode, and sets the control mode to the charging mode. At
this time, the ECU 40 uses the informing device 38 to inform
the user of the fact that the charging mode is given a higher
priority. In addition, the ECU 40 uses the informing device
38 to make the user to determine whether external discharg-
ing is still required.

After that, the ECU 40 determines in S42 whether opera-
tion to require external discharging has been carried out
again. When operation to require external discharging has
been carried out again (YES in S42), the ECU 40 proceeds
with the process to S51 in order to redetermine which one of
the charging mode and the discharging mode is given a
higher priority. At this time, the reason why the process is
caused not to return to S40 but to proceed to S51 is to make
it easy to give a higher priority to the discharging mode
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along with the user’s request. On the other hand, when
operation to require external discharging has not been car-
ried out again (NO in S42), the ECU 40 ends the process.

In S50, the ECU 40 determines whether it is allowed to
carry out engine power generation. When it is allowed to
carry out engine power generation (YES in S50), the ECU
40 proceeds with the process to S60. When it is not allowed
to carry out engine power generation (NO in S50), the ECU
40 proceeds with the process to S51.

In S51, the ECU 40 determines whether the outside air
temperature Tout is higher than the predetermined tempera-
ture T1. When the outside air temperature Tout is higher than
the predetermined temperature T1 (YES in S51), the ECU
40 proceeds with the process to S52. Otherwise (NO in S51),
the ECU 40 proceeds with the process to S60.

In S52, the ECU 40 determines whether the discharger
temperature Tinv is higher than the predetermined tempera-
ture T2. When the discharger temperature Tinv is higher than
the predetermined temperature T2 (YES in S52), the ECU
40 proceeds with the process to S53. Otherwise (NO in S52),
the ECU 40 proceeds with the process to S60.

In S53, the ECU 40 gives a higher priority to the charging
mode, and sets the control mode to the charging mode. At
this time, the ECU 40 uses the informing device 38 to inform
the user of the fact that the charging mode is given a higher
priority.

In S60, the ECU 40 gives a higher priority to the dis-
charging mode, and sets the control mode to the discharging
mode. At this time, the ECU 40 uses the informing device 38
to inform the user of the fact that the discharging mode is
given a higher priority.

As described above, when operation to require external
discharging has been carried out during the charging mode
or when operation to require external charging has been
carried out during the discharging mode, the ECU 40
according to the present embodiment determines which one
of the charging mode and the discharging mode is given a
higher priority in accordance with the vehicle state, and sets
the mode given a higher priority for the control mode.
Therefore, for example, even when operation to require
external discharging has been carried out during the charg-
ing mode, it is possible to change the control mode from the
charging mode to the discharging mode depending on the
vehicle state. Even when operation to require external charg-
ing has been carried out during the discharging mode, it is
also possible to change the control mode from the discharg-
ing mode to the charging mode depending on the vehicle
state.

In addition, the ECU 40 according to the present embodi-
ment determines which one of the charging mode and the
discharging mode is given a higher priority at the time when
user’s operation (operation to require external discharging or
operation to require external charging) has been carried out,
and informs the user of the determined result. Therefore, the
user is able to be informed of for which one of external
charging and external discharging the current vehicle state is
suitable by being informed of the determined result after the
user’s operation.

The embodiment described above is illustrative and not
restrictive in all respects. The scope of the invention is
defined by the appended claims rather than the above
description. The scope of the invention is intended to
encompass all modifications within the scope of the
appended claims and equivalents thereof.

DESCRIPTION OF REFERENCE NUMERALS

1 vehicle, 2 engine, 3 MG, 4 PCU, 5 battery, 6 charger, 7
discharger, 8 charge/discharge port, 9 communication unit,
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10, 11 alternating-current receptacle, 20 system main relay,
21 charging relay, 22 discharging relay, 23 fuse, 30, 31, 32
switch, 33, 34 temperature sensor, 35 navigation system, 36
monitoring sensor, 37 fuel sensor, 38 informing device, 40
ECU, 41 determination unit, 42 control unit, 50, 60, 70
connector, 51 system power supply, 62, 71, 80 electrical load

What is claimed is:

1. A vehicle comprising:

an electronic control unit (ECU) configured to

(a) select one of an external power receiving mode and an
external power supply mode, the external power receiv-
ing mode being a mode in which external power
receiving is carried out for receiving electric power
from an outside of the vehicle, the external power
supply mode being a mode in which external power
supply is carried out for supplying electric power to the
outside of the vehicle,

(b) determine at least one of whether operation to require
the external power supply has been carried out by a user
or whether operation to require the external power
receiving has been carried out by the user, and

(c) determine based on a state of the vehicle which one of
the external power receiving mode and the external
power supply mode is given a higher priority, when the
ECU determines that the operation to require the exter-
nal power supply has been carried out while the exter-
nal power receiving mode is selected or when the ECU
determines that the operation to require the external
power receiving has been carried out while the external
power supply mode is selected.

2. The vehicle according to claim 1, further comprising:

an informing device configured to inform the user of a
result determined by the ECU.

3. The vehicle according to claim 1, further comprising:

an electrical storage device; and

a motor configured to generate driving force of the vehicle
by using electric power of the electrical storage device,
wherein

the ECU is configured to

give a higher priority to the external power supply mode
when a state of charge of the electrical storage device
is higher than a predetermined level, and

give a higher priority to the external power receiving
mode when the state of charge of the electrical storage
device is lower than the predetermined level.

4. The vehicle according to claim 1, further comprising:

an engine configured to generate power by using com-
bustion energy of fuel; and

a generator configured to generate electric power by using
the power of the engine, wherein

the ECU is configured to

give a higher priority to the external power supply mode
when a fuel remaining level of the engine is higher than
a predetermined level, and
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give a higher priority to the external power receiving
mode when the fuel remaining level of the engine is
lower than the predetermined level.

5. The vehicle according to claim 1, further comprising:

an electrical storage device;

a converter configured to convert electric power of the
electrical storage device to electric power with which
the external power supply can be carried out;

a first temperature sensor configured to detect a tempera-
ture of the converter; and

a second temperature sensor configured to detect an
outside air temperature, the outside air temperature
being a temperature of air outside a cabin of the
vehicle, wherein

the ECU is configured to

give a higher priority to the external power supply mode
when the outside air temperature is lower than a first
temperature or when the temperature of the converter is
lower than a second temperature, and

give a higher priority to the external power receiving
mode when the outside air temperature is higher than
the first temperature and the temperature of the con-
verter is higher than the second temperature.

6. The vehicle according to claim 1, further comprising:

a navigation system configured to set a first distance, the
first distance being a distance from a current position of
the vehicle to a destination, wherein

the ECU is configured to

calculate a second distance, the second distance being a
distance that the vehicle can travel,

the ECU is configured to

give a higher priority to the external power supply mode
when the first distance is shorter than or equal to the
second distance, and

give a higher priority to the external power receiving
mode when the first distance is longer than the second
distance.

7. The vehicle according to claim 1, wherein

the ECU is configured to, when the ECU determines that
the operation to require the external power supply has
been carried out after the ECU has determined to give
a higher priority to the external power receiving mode,
redetermine which one of the external power receiving
mode and the external power supply mode is given a
higher priority.

8. The vehicle according to claim 7, wherein

the ECU is configured to redetermine which one of the
external power receiving mode and the external power
supply mode is given a higher priority based on a
vehicle parameter different than a vehicle parameter
based on which the ECU initially determined to give a
higher priority to the external power receiving mode.

#* #* #* #* #*



